Background: A positive association between the ABO blood types and survival has been suggested in several malignancies. The aim of this study was to assess the role of the ABO blood types in predicting the prognosis of Chinese patients with curatively resected non-small cell lung cancer (NSCLC).
Background
Globally, lung cancer remains the most common cancer for both men and women and accounts for 13% of total cases and 18% of total deaths [1] . Lung cancer has also been the top one malignancy in terms of incidence and mortality in China [2, 3] . Non-small cell lung cancer (NSCLC) accounts for 80%-85% of 1.1 million newly diagnosed lung cancer cases annually [4] . Although surgical resection with curative intent was available, 40%-75% of patients died within 5 years [5] . Understanding the etiology of this typically fatal disease and identifying novel prognostic factors are essential for early diagnosis, prognosis evaluation, and more appropriate treatment.
The ABO blood type is determined by terminal carbohydrates expressed on red blood cells, which are attached to a protein backbone, the H antigen. The glycosyltransferase, which is encoded by the ABO gene on chromosome 9q34, can catalyze the transfer of donor sugars to the H antigen to form the ABO blood type antigens [6, 7] . A genome-wide association study (GWAS) of pancreatic cancer identified a genetic variation in the ABO locus of 9q34 that was associated with susceptibility to pancreatic cancer [8, 9] . The positive association between the ABO blood types and survival has been suggested in several malignancies [10] , including pancreatic cancer [11, 12] , breast cancer [13, 14] , renal cell carcinoma [15] , nasopharyngeal carcinoma [16] , and colon cancer [17] . Although the study by Lee et al. [18] investigated the survival of patients with curatively resected NSCLC within the context of the ABO blood types, the aim of their study was to investigate the prognostic role of the expression of blood group antigen A in tumor cells.
We conducted this study to investigate the relationship between the ABO blood types and the survival of patients who underwent primary curative resection. We also evaluated the associations between the ABO blood types and other clinicopathologic features of NSCLC to determine whether the ABO blood types are independent prognostic factors. In the present paper, we report results from Chinese patients with curatively resected NSCLC.
Patients and methods

Patient selection and data collection
A retrospective analysis was performed on consecutive patients who underwent curative surgery for NSCLC at the Sun Yat-sen University Cancer Center between January 1, 2005 and December 31, 2009. This study was approved by the Medical Ethics Committee and Clinical Trial Review Committee of this cancer center. All patients had postoperatively, pathologically confirmed NSCLC without previous therapy other than complete resection and neoadjuvant chemotherapy. The main exclusion criteria included incomplete resection, previous malignant disease, and perioperative death. Informed consent was obtained from all individual participants included in the study.
Data were collected from electronic and paper patient medical records, and survival data were obtained from the cancer center's follow-up registry. The data collected included age, sex, Eastern Cooperative Oncology Group (ECOG) performance status, smoking status, pathology, tumor-node-metastasis (TNM) stage, dates of surgery and relapse/metastasis, and the ABO blood type. Patients with insufficient data were excluded from this study. All patients were restaged by using the 7th international system for lung cancer staging [19] .
Study endpoints
The following endpoints were estimated: overall survival (OS), defined as the interval from the date of surgery to the date of death from any cause; disease-free survival (DFS), defined as the interval from the date of surgery to the date of disease recurrence or death from any cause; and locoregional relapse-free survival (LRFS) and distant metastasis-free survival (DMFS), defined as the interval from the date of surgery to the date of locoregional relapse and distant metastasis, respectively.
Statistical analysis
All endpoints were estimated by the Kaplan-Meier method and compared by using the log-rank test. Multivariate analyses were carried out by using the Cox proportional hazards model to identify important prognostic factors for OS. All variables reaching a significance of 0.1 in univariate analyses were tested in the Cox model. Twosided P values of <0.05 were considered statistically significant. All analyses were performed using the SPSS16.0 software (SPSS Inc., Chicago, IL, USA).
Results
Patient population
A total of 1601 patients with NSCLC who underwent curative resection were included in this study (Table 1 ; Fig. 1 ). In the present study, blood types A, B, O, and AB were reported in 27.7%, 26.5%, 39.2%, and 6.6% of the patients, respectively, which were similar to those frequencies reported previously for the Guangdong population (type A, 25.02%; type B, 25.91%; type O, 42.96%; and type AB, 6.11%) [20] . As shown in Table 1 , there were no significant differences in the basic characteristics of our study population based on the blood type. Overall, more than one-half of the patients were presented with adenocarcinoma, and most of the patients were males. Current smokers made up approximately half of all patients.
Associations between the ABO blood type and survival
The median follow-up was 81.0 months [95% confidence interval (CI) 78.9-83.1 months] for the entire study population. By the time of analysis (January 15, 2015), 360 instances of locoregional relapse, 371 instances of distant metastases, and 810 instances of death had occurred. The median OSs for patients with blood types O, B, A, and AB were 75.4, 72.9, 62.6, and 56.5 months, respectively (P = 0.083; Fig. 2a) ; the median DFSs were 48.9, 49.3, 37.9, and 33.8 months for those with blood types O, B, A, and AB, respectively (P = 0.128, Fig. 2b ). We found that patients with the blood type O or B had longer OS and DFS compared with those with the blood type A or AB, whereas OS and DFS were similar between patients with the blood types O and B as well as between those with the blood types A and AB. Therefore, we divided the entire cohort into group 1 (patients with the blood type O or B) and group 2 (patients with the blood type A or AB).
The OS, DFS, LRFS, and DMFS curves are shown in Fig. 3 . Group 1 had significantly prolonged OS compared with group 2, with a median OS of 74.9 months compared with 61.5 months, respectively [hazard ratio (HR) 0.83; 95% CI 0.72-0.96; P = 0.015; Fig. 3a] . Additionally, group 1 had a significantly longer DFS (HR 0.86; 95% CI 0.76-0.98; P = 0.022; Fig. 3b ) and LRFS (HR 0.79; 95% CI 0.64-0.98; P = 0.024; Fig. 3c ) than group 2. However, no significant difference was observed for DMFS between group 1 and group 2 (HR 0.89; 95% CI 0.72-1.10; P = 0.294; Fig. 3d ). The association of OS with clinicopathologic characteristics was further analyzed using univariate and multivariate analyses. In the univariate analysis, males, smoking history, pT category of 3/4, pN category of 1/2, stage IIIA, pneumonectomy, no chemotherapy, and the blood type A/AB were identified as negative prognostic factors. When these variables were further analyzed in the multivariate analysis, we found that smoking status, pT category, pN category, pathologic tumor-node-metastasis (pTNM) stage, chemotherapy, and blood group had significant HRs, indicating that they were significant predictors of survival (Table 2) .
Discussion
Recently, the association between the ABO blood type and survival of cancer patients has drawn much attention.
When this study was designed, the association between the ABO blood type and survival of patients with curatively resected NSCLC had not yet been explored. In this retrospective study of Chinese patients with completely resected NSCLC, patients with the blood type O or B had longer OS than those with the blood type A or AB. The blood type O or B was also associated with prolonged DFS and LRFS.
Our results of the association between the blood type O and patient survival are consistent with previous studies on other malignancies. The survival advantage of patients with the blood type O has been reported in pancreatic cancer [11, 12] , breast cancer [13, 14] , renal cell carcinoma [15] , and nasopharyngeal carcinoma [16] . The blood type O appears to be a protective factor in the prevention of tumor development [21] . Our results of the association of the blood type A with patient survival are in close agreement with the results from previous studies. The blood type A has been reported to be associated with poor prognosis in patients with pancreatic cancer [11] , nasopharyngeal carcinoma [16] , and colon cancer [17] . However, controversy still exists about the relation between the ABO blood type and patient survival because many publications reported negative results [22] [23] [24] [25] [26] . As our study was completed, the first report concerning the Fig. 1 The process of patient selection in this study. A total of 1601 patients with non-small cell lung cancer who underwent curative resection were included in this study association between the ABO blood type and survival of patients with resected NSCLC was published [27] . The results of that study showed that the ABO blood type was an independent prognostic factor for resected NSCLC, and the blood group A antigen might be associated with poor prognosis of patients with resected NSCLC. The number of patients was relatively small (n = 333), and some patients did not undergo complete resection in their study [27] . In our study, by contrast, the number of patients was relatively large (n = 1601), and all patients received curative resection for NSCLC.
Although the associations of the ABO blood type with cancer risk and survival have been reported in several malignancies [11] [12] [13] [14] [15] [16] [17] , the genetic or biological mechanisms underlying the associations remain unclear. The ABO gene encodes three glycosyltransferases, which attach N-acetylgalactosamine, d-galactose, and no sugar residue to the H antigen backbone to form blood types A, B, and O, respectively [6] . In addition to their expression on the surface of red blood cells, ABO blood group antigens are expressed on the surface of cells from the gastrointestinal tract, urogenital tract, bronchopulmonary duct, skin, and breast duct [28, 29] . Loss of blood group antigen A/B expression on cancer cells is regulated by hypermethylation of the ABO gene promoter, which is an early event in tumor development [30] . Loss of ABO blood group antigens from tumor cells is associated with poor prognosis and increased metastatic potential in NSCLC [18, 31, 32] . Lee et al. [18] reported that the 28 patients with the blood type A or AB who had antigen A-negative tumors had significantly shorter survival than the 43 patients with the blood type A or AB who had antigen A-positive tumors and the 93 patients with the blood type O or B free of antigen A (median survival: 15 months versus 71 and 39 months, P < 0.001 and P = 0.002, respectively). These results may partially explain the positive association between the blood type A and poor prognosis in patients with NSCLC.
Other potential mechanisms underlying the association between the ABO blood types and patient survival include the host inflammatory state. Single nucleotide polymorphisms (SNPs) at the ABO locus have been reported to be associated with circulating levels of tumor necrosis factor-alpha (TNFα), soluble intracellular adhesion molecule-1 (sICAM-1), E-selectin, and P-selectin [33] [34] [35] [36] . These serum molecules are associated with inflammatory responses that are associated with the processes of angiogenesis, tumor growth, invasion, and migration. Tumor development is induced by the inflammatory microenvironment, which consists of inflammatory cells and inflammatory mediators [37] . In particular, chronic inflammatory conditions predispose individuals to multiple types of malignancies and are linked to tumor invasion and metastasis [38] . The study by Suadicani et al. [39] suggested that the predictive values of inflammation-related risk factors for lung cancer mortality, including smoking history, high salt consumption, high alcohol intake, and occupational dust exposure, were high among males with the blood type O compared with those with the blood type A. Thus, the inflammatory state could be a possible mechanism explaining the association between the ABO blood types and patient prognosis.
This study nevertheless has several limitations that should be noted. The crucial disadvantage of this analysis is its retrospective nature. Because all patients were in-hospital, the possibility of selection bias cannot be ruled out. Another limitation is that East Asians constitute most of our study population. The monotonicity of the study population limits the universality of our results. Furthermore, only limited variables could be included in the multivariate analysis. Other factors, such as anaplastic lymphoma kinase (ALK) rearrangement status, may be significant prognostic factors for NSCLC, but these data are not currently available. Future welldesigned studies that include diverse ethnic populations are warranted to further investigate the prognostic role of the ABO blood types in NSCLC patients. Additionally, other potential clinicopathologic factors should be considered. 
